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RETROFIT OF CO2 CAPTURE TO  
NATURAL GAS COMBINED CYCLE POWER PLANTS  

 
 

Background to the Study 
 
The main application of CO2 capture in the long term is expected to be at new power plants.  This has 
been the main focus of the IEA Greenhouse Gas R&D Programme’s studies on CO2 capture.  However, 
there are various reasons why retrofitting CO2 capture to existing power plants may be worth considering 
in some circumstances, for example: 
 
• Power plants have long lives, 40 years or more in many cases.  It may be cheaper to retrofit capture 

to an existing power plant rather than prematurely retire it and build a new power plant with capture. 
 
• Utilities often prefer to extend the lives of existing plants rather than build new ones to minimise 

permitting problems and make use of existing fuel supply and electricity transmission infrastructure. 
 
• Opportunities may arise to use captured CO2, e.g. for enhanced oil recovery, in places where there is 

no need for new power generating capacity. 
 
Most of the power plants currently being built in developed countries are natural gas fired combined 
cycle plants.  Such plants could potentially be good candidates for CO2 capture retrofit because they are 
relatively new and have high thermal efficiencies.  This study assesses the feasibility and costs of 
retrofitting CO2 capture to modern natural gas combined cycle plants.  The study was carried out by 
Jacobs Consultancy Netherland B.V.   
 
 

Study Descriptions 
 
The study is based on a 785 MWe natural gas fired combined cycle plant, which includes 2 GE 9FA gas 
turbines.  Similar gas turbines are produced by the other main turbine manufacturers.  Five CO2 capture 
retrofit options based on existing technology are assessed: 
 

• Post combustion capture of CO2  
• Pre-combustion reforming of natural gas and capture of CO2 at the power plant site 
• Pre-combustion reforming of natural gas and capture of CO2 at a remote site 
• Gasification of coal and pre-combustion capture of CO2 at the power plant site 
• Gasification of coal and pre-combustion capture of CO2 at a remote site 

 
A preliminary assessment was carried out to select the technologies for use in the plants with CO2 
capture.  The post combustion capture plant is based on a mono-ethanolamine (MEA) scrubbing process.  
The natural gas pre-combustion capture plants are based on air-blown auto-thermal reforming, followed 
by shift conversion and an amine scrubbing CO2 separation unit.  The coal gasification plants are based 
on the ChevronTexaco (now GE) slurry feed, oxygen-blown entrained-flow gasifier with water quench 
of the product gas.  The gasifiers are followed by shift conversion and a Selexol physical solvent 
scrubbing unit for separation of H2S, which is converted to sulphur, and CO2.  Post combustion capture 
was not considered for the gasification plants because it was assumed that it would be less expensive to 
capture CO2 from the high pressure/high CO2 concentration fuel gas than from the low pressure/low CO2 
concentration gas turbine flue gas   
 
In the remote site cases, fuel processing and CO2 capture is carried out at a plant that is 40 km from the 
power plant and hydrogen-rich fuel gas is transported by pipeline.  Remote capture could be necessary if 
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there is insufficient plot area or other constraints at the power plant.  Post combustion capture at a remote 
site is not feasible because a large volume of flue gas would have to be transported between the sites. 
 
The study was carried out using IEA GHG’s standard assessment criteria.  The main criteria are: 

• Netherlands coastal plant location 
• Australian bituminous coal 
• Natural gas price $3/GJ, LHV basis (equivalent to $2.7/GJ HHV basis) 
• Coal price $1.5/GJ, LHV basis (equivalent to $1.43/GJ HHV basis) 
• 10% discount rate (constant money values) 
• 25 year overall operating life 

 
It was assumed that CO2 capture would be retrofitted after 10 years operation of the combined cycle 
plant.  Sensitivities to the year in which the retrofit takes place (±5 years) were assessed.  It was also 
assumed that the whole plant, including the capture equipment would have zero value at the end of the 25 
year operating period.  In some cases it may be possible to replace or refurbish the power plant, to obtain 
a longer operating life for the capture equipment.  However, gas turbines that are commercially available 
in future may not have the same flowrates as existing turbines, so it may be difficult to re-use capture 
units that are closely matched to the size of existing turbines.  It may be easier to re-use capture units that 
are not closely linked to the power plant and which could be used to supply low-carbon content fuels to 
plants of any size.   
 
Retrofitting CO2 capture normally results in a reduction in net power output.  In some cases a utility may 
need to maintain a constant net power output, so installation of additional generating capacity to maintain 
the net power output was assessed in sensitivity cases.  
 
 

Results and Discussion 
 
Thermal efficiency 
 
Thermal efficiencies of the plants with and without CO2 capture retrofit are shown in figure 1, along with the 
efficiency reductions due to the retrofit.   
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Figure 1:  Thermal efficiencies 
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Post combustion capture has the lowest efficiency reduction due to capture.  The highest efficiency reduction 
is for the coal based retrofits. 
 
Capital cost  
 
The capital costs of plants before and after retrofit are shown in figure 2.  The costs are broken down into the 
costs of the original natural gas combined cycle (NGCC) plant and the costs of the retrofit. The cost of the 
original NGCC, in terms of $/kW of net power output, increases after retrofit because the overall net power 
output decreases, as shown later in figure 7.  The capital costs of local natural gas based retrofits (post 
combustion and pre combustion) are broadly similar to the original costs of the NGCC power plant.  The 
costs of remote plant and coal-based retrofits are substantially higher than the original costs of the NGCC.   
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Figure 2: Capital costs 
 
Cost of electricity generation 
 
A power plant operator would be able to recover the cost of retrofitting CO2 capture either by an increase in 
the electricity price or by a credit for the quantity of CO2 emissions avoided, e.g. through a carbon trading 
scheme.  The total cost of electricity generation after retrofit, assuming no carbon credits, and the increase in 
the cost due to the retrofit are shown in figure 3. 
 
Figure 3 shows that the lowest cost capture retrofit option is post combustion amine scrubbing.  For the 
natural gas and coal prices used in this study (3 and 1.5 $/GJ respectively), coal-based pre-combustion 
capture retrofit is slightly more expensive than natural gas pre-combustion retrofit.  For pre-combustion 
capture, retrofit of a capture plant at a remote site is about 0.8c/kWh more expensive than retrofit at the power 
plant site, assuming there are no special difficulties with on-site retrofit.   
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Figure 3:  Electricity generation cost after capture retrofit 
 
Fuel prices are different in different locations and they can fluctuate greatly over time.  Sensitivities to 
fuel prices are shown in figure 4.  A plant retrofitted with coal-based pre-combustion capture, using coal 
at $1.5/GJ, would generate electricity at the same cost as a plant retrofitted with natural gas pre-
combustion capture, if the gas price was 3.2-3.4 $/GJ.  For the coal-based retrofit to compete with post-
combustion capture retrofit, the natural gas price would have to be $4.2/GJ.  In some places, for example 
the US, natural gas prices were higher than this at the time this report was written and coal prices were 
lower than $1.5/GJ.  Coal prices also tend to be more stable than gas prices and supplies may be more 
secure. Retrofit of coal gasification with CO2 capture may therefore be competitive with natural gas-
based capture retrofit in some places.  However, as explained below, CO2 emissions from coal-based 
plants tend to be higher, so emissions credits would be lower.  
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Figure 4:   Sensitivity to fuel prices 
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The costs in this study exclude CO2 transport and storage.  As an illustration, a cost of $10/t of CO2 
transported and stored would correspond to about 0.4 c/kWh for a gas fired plant and 0.8 c/kWh for a coal 
fired plant. 
 
Cost of CO2 emissions avoidance 
 
Figure 5 shows the CO2 emissions from the plants with and without capture and the quantities of CO2 
emissions avoided. The quantities of CO2 emissions avoided are calculated by comparing the emissions of the 
natural gas fired plant without capture and the emissions of the plants after retrofit of capture.  The quantities 
of emissions avoided are less than the quantities captured because extra CO2 is produced to provide the 
energy required by the capture processes.  In the case of the coal gasification retrofits, the quantity of CO2 
captured is much greater than the emissions avoided because of the change to a more carbon-intensive fuel.  
All of the retrofits are based on the same percentage CO2 capture.  The CO2 emissions from the coal-based 
plants are greater than from the natural gas-fuelled plants because coal is a more carbon intensive fuel and the 
thermal efficiencies of the coal-based plants are lower. 
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Figure 5:   CO2  emissions 
 
The cost of CO2 emissions avoidance, i.e. the CO2 credit that would be required to enable a retrofitted plant to 
generate electricity at the same overall cost as the original plant without CO2 capture, is shown in figure 6.  
Figure 6 also shows the sensitivity to the timing of retrofit.  The base case assumption in this study is that 
CO2 capture is retrofitted 10 years after the start of operation of the power plant and the sensitivity to 
retrofitting 5 or 15 years after start of operation is shown.   
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Figure 6:   Cost of avoiding CO2 emissions and the sensitivity to the power plant age when retrofitted 
 
 
Effect on net power output 
 
Retrofitting CO2 capture reduces the net power output of an existing combined cycle plant, as shown in  
figure 7.   
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Figure 7:  Net power outputs 
 
The fuel feed rate to the plant with post-combustion capture is the same as to the plant without capture. The 
reduction in power output is therefore directly proportional to the reduction in thermal efficiency, shown in 
figure 1.  In the plants with pre-combustion capture the fuel (natural gas or coal) feed rates depend on the fuel 
gas requirement of the gas turbine and the energy losses in the fuel processing stages upstream of the gas 
turbine.  The fuel feed rates are higher than in the plant without capture and consequently the reduction in net 
power output is less than the reduction in thermal efficiency. 
 
In some circumstances a power plant operator may want to maintain its net power output.  This could be 
achieved by installing additional combined cycle generating capacity at each plant that is retrofitted but this 
extra capacity would be less efficient and more expensive than the original generating plant.  Maintaining a 
constant net power output in this way would reduce the overall efficiency of power generation by between 
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zero and 2 percentage points and increase the cost of CO2 emissions avoided by between zero and 5 $/t of 
CO2. 
 
Barriers to retrofit 
 
In general, standard combined cycle power plants are not designed for the future possibility of major 
modifications.  This study identifies possible barriers to retrofitting CO2 capture to existing combined cycle 
plants and possible ways to minimise them during the original plant design phase, i.e. making the plants 
“capture ready”. 
 
The CO2 capture retrofit plants require a considerable plot space. The approximate plot spaces are: 

-  Post combustion capture     250x150m 
-  Natural gas pre-combustion capture   175x150m  
-  Coal gasification pre-combustion capture  475x375m 

 
Significant additional plot space is also required during construction.  If there insufficient area available at the 
combined cycle plant, a pre-combustion capture plant could be installed at a remote site but, as shown by 
figure 2, this increases costs. 
 
Space available within the combined cycle plant for tie-in of large diameter steam and fuel gas pipes may be a 
constraint in some cases.  Other possible site constraints include the need to provide additional cooling and 
demineralised water, coal supply and storage infrastructure in coal fired cases, and accessibility for delivery 
of large plant items.  Obtaining permits for major modifications to the power plant or construction of a remote 
capture plant and its fuel gas pipeline could be a barrier in some circumstances. 
 
Gas turbine performance will differ significantly when firing a low-LHV fuel gas from pre-combustion 
capture plant, which will also lead to changed process conditions in the steam cycle.  As no design is exactly 
the same, it will be necessary to determine possible problems for each installation that is retrofitted.  Retrofit 
of CO2 capture could also affect plant operating flexibility, such as the ability to operate efficiently at part 
load. 
 
Many of the potential barriers to retrofit could be overcome in the design phase of a new combined cycle 
power plant.  This would lead to minor extra costs but the cost savings at the retrofit stage could be 
substantial, for example if the need to build a remote capture plant is avoided.   
 
As a sensitivity case, the study briefly assessed retrofit of a capture-ready coal gasification plant, which could 
be operated efficiently without capture.  This option may be attractive in locations where fuel switching from 
natural gas to coal is economically attractive now but there is no requirement yet to capture CO2.   
 
Comparison with IEA GHG studies on CO2 capture in new power plants 
 
Retrofitting CO2 capture to an existing power plant is inevitably more costly than including it in a new plant.  
Reasons for this include: 

• The capture equipment has a shorter operating life in a retrofit than in a new plant. 
• The efficiency is usually lower because of less energy integration between the power plant and 

capture unit. 
• The power plant has to operate at non-optimum conditions. 
• Some equipment in the power plant becomes redundant or has to be modified.  
• The existing power plant has to be shut down for a period of time during the retrofit.   
• Separate utility systems, such as cooling water supply, have to be installed for the capture unit, 

resulting in less economies of scale. 



 

 viii

IEA GHG has recently published cost and performance data for post combustion CO2 capture in new power 
plants, on the same basis as this study1.  The cost of post combustion capture in a new natural gas combined 
cycle plant was estimated to be $37-41/tonne of CO2 emissions avoided, compared to $73/tonne in the 
corresponding retrofit case in this study.  This higher cost for retrofit is partly due to the reasons given above 
but a further reason is the different sources of cost data in the new and retrofit plant studies.  This retrofit 
study is based on information provided to Jacobs by UOP, for a conventional MEA scrubbing process.  IEA 
GHG’s study on new plants was based on data provided by Fluor and MHI are for their improved scrubbing 
processes (Econamine FG+SM and KS-1), which have much lower steam consumptions for solvent 
regeneration.  The efficiency penalty for post combustion capture in this study is 11.3 percentage points but 
the penalty is 8.2 and 6.0 percentage points in Fluor and MHI’s studies.  The specific capital cost penalty for 
CO2 capture in this retrofit study is approximately twice as great as in IEA GHG’s new plant study.  The data 
provided by UOP is conservatively based on eight parallel CO2 absorbers, compared to 3 and 2 in Fluor’s and 
MHI’s studies.  The resulting economies of scale account for a significant proportion of the cost difference.  
Despite the conservative data used for post combustion capture in Jacobs’ study, post combustion capture is 
still the lowest cost retrofit option.  Use of Fluor’s or MHI’s processes would not have affected this 
conclusion. 
 
IEA GHG has also published a study on CO2 capture in new IGCC plants2, which was carried out by Foster 
Wheeler.  The cost and performance data for gasification plants based on Chevron Texaco gasification in that 
study are broadly consistent with those in Jacobs’ study.  The thermal efficiency and capital cost are both 
lower in Foster Wheeler’s study but the differences are not great enough to affect the conclusions of this 
study.    
 
 

Expert Group Comments 
 
The draft study report was sent to expert reviewers for comment.  The main comments related to fuel 
prices.  US reviewers pointed out that the gas price used in the study is low compared to current US 
prices.  They also pointed out that one of the options considered in the study, conversion to coal 
gasification, would only be attractive if gas prices were much higher than the base case price used in the 
study.  These and other comments from the reviewers are taken into account in the final version of the 
study report or in this study overview. 
 
 

Major Conclusions 
 
Retrofitting CO2 capture to natural gas combined cycle plants would increase the cost of electricity by 
about 2-3c/kWh, corresponding to about 70-90 $/tonne of CO2 emissions avoided.   
 
Post combustion capture is the lowest cost capture retrofit option.  
 
Remote fuel processing and CO2 capture plants could provide low-carbon fuel gas to a combined cycle 
plant but the cost would be about 0.8c/kWh higher than for on-site CO2 capture retrofit. 
 
There are several potential barriers to retrofit of CO2 capture to existing combined cycle power plants but 
most of them could be overcome if the possibility of retrofit was taken into account when the power 
plant was designed. 
 

                                                      
1 Improvement in power generation with post-combustion capture of CO2, IEA GHG report PH4/33, Nov. 2004. 
2 Potential for improvement in gasification combined cycle power generation with CO2 capture, IEA GHG report 
PH4/19, May 2003 
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Retrofitting a coal gasification plant with CO2 capture could be an attractive option in some countries 
where gas costs are high and coal costs are low.  Capture-ready gasification plants could be built if there 
is currently no requirement to capture CO2. 
 
 

Recommendations 
 
No further work on retrofit of CO2 capture to natural gas combined cycle plants is recommended at this 
time. 
 
Work by others on retrofit of CO2 capture to coal fired power plants, involving upgrading to ultra-
supercritical boilers, should be monitored and compared to the results of IEA GHG’s studies. 
 


